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(57) ABSTRACT

A liquid crystal display device includes: a first substrate; a
second substrate; and a liquid crystal layer interposed
between the first and second substrates, wherein the liquid
crystal layer includes a plurality of liquid crystal regions
separated by a polymer wall formed on the first substrate,
liquid crystal molecules within each of the plurality of liquid
crystal regions are axially symmetrically aligned with
respect to an axis which 1s perpendicular to the first and
second substrates, and the polymer wall 1s formed from a
black resin layer.
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LCD WITH BLACK MATRIX WALL(S)

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and a method of producing the same. In particular, the
present 1nvention relates to a liquid crystal display device
having liquid-crystal molecules which are axially symmetri-
cally aligned within liquid crystal regions separated by a
polymer wall, and a method of producing the same.

2. Description of the Related Art

Conventionally, TN (twisted nematic)- or STN (super-
twisted nematic)-type liquid crystal display devices have
been used as display devices utilizing electro-optic effects.
A technique of increasing a viewing angle of such liquid
crystal display devices has been actively developed.

As one of the conventionally proposed techniques of
increasing a viewing angle of the TN-type liquid crystal
display devices, Japanese Laid-Open Publication Nos.
6-301015 and 7-120728 disclose a liquid crystal display
device having axially symmetrically aligned liquid crystal
molecules 1n liquid crystal regions separated by a polymer
wall,i.c., a so-called ASM (Axially Symmetrically aligned
Microcell)-mode liquid crystal display device. The liquid
crystal region substantially surrounded by the polymer wall
are typically formed on a pixel-by-pixel basis. The ASM-
mode liquid crystal display device has axially symmetrically
aligned liquid crystal molecules. Therefore, the variation 1n
contrast 1s small regardless of the direction 1n which a
viewer views the liquid crystal display device. In other
words, the ASM-mode liquid crystal display device has wide
viewling-angle characteristics.

The ASM-mode liquid crystal display device as disclosed
in the above-mentioned Japanese Laid-Open Publications is
produced by polymerization-induced phase-separation of a
mixture of a polymeric material and a liquid crystal material.

Hereinafter, a method for producing the conventional
ASM-mode liquid crystal display device 1s described with
reference to FIG. 9. First, a glass substrate 308 having a
color filter and an electrode on one of the surfaces thereof 1s
prepared (Step (a)). It should be noted that, for simplicity,
the electrode and color filter formed on the top surface of the
glass substrate 308 arc not shown 1n FIG. 9. A method for
forming the color filter will be described below.

Thereafter, a polymer wall 317 for axially symmetrically
aligning the liquid crystal molecules 1s formed on the
surface of the glass substrate 308 on which the electrode and
color filter are formed (Step (b)). The polymer wall 317 is
formed so as to have, for example, a grid pattern. After a
photo-sensitive color resin material 1s applied on the glass
substrate 308 by a spin coating method, the resultant glass
substrate 308 1s exposed to the light through a photomask
having a prescribed pattern. Then, the glass substrate 308 1s
developed, whereby the polymer wall having the grid pat-
tern 1s formed. The photo-sensitive color resin material may
be either of a positive-type or negative-type. Alternatively,
the polymer wall 317 may be formed from a non-photo-
sensifive resin material, although an additional step of
forming a resist film 1s required.

A pillar 320 1s patterned in a discrete manner on the top
of a portion of the polymer wall 317 (Step (c)). The pillar
320 1s also formed by the exposure and development of a
photo-sensitive color resin material.

The surface of the glass substrate 308 on which the
polymer wall 317 and the pillar 320 are formed 1s coated

10

15

20

25

30

35

40

45

50

55

60

65

2

with a vertical-alignment layer 321 such as a polymmide
(Step (d)). On the other hand, a counter glass substrate 302
having an electrode formed thereon is supplied (Step (e)),
and the counter glass substrate 302 1s also coated with the
vertical-alignment layer 321 (Step (f)).

These two glass substrates 308 and 302 are laminated to
cach other with the respective electrodes facing each other,
thereby forming a liquid crystal cell (Step (g)). The distance
between the two glass substrates (i.e., a cell gap; the
thickness of a liquid crystal layer) is defined by the sum of

the respective heights of the polymer wall 317 and the pillar
320.

A liquad crystal material 316 1s introduced 1nto the liquid-
crystal cell gap by, for example, a vacuum 1njection method
(Step (h)). Finally, by, for example, applying a voltage
between the electrodes facing each other, liquid crystal
molecules within a corresponding liquid crystal region 315
are axially symmetrically aligned (Step (1)). More
specifically, the liquid crystal molecules within a corre-
sponding one of the liquid crystal regions separated by the
polymer wall 317 are axially symmetrically aligned with
respect to the axis (which is perpendicular to the both glass
substrates) as shown by a broken line in FIG. 9.

FIG. 10 shows a cross-sectional structure of a conven-
tional color filter. A black matrix (BM) for shielding the gaps
between color patterns from light, as well as color resin
layers of red (R), green (G) and blue (B) corresponding to
the respective pixels are formed on a glass substrate. An
overcoat (OC) layer having a thickness of about 0.5 um to
about 2.0 um 1s formed thereon in order to improve the
flatness of the substrate or the like. The overcoat layer 1s
formed from an acrylic resin, an epoxy resin or the like.
Moreover, an indium tin oxide (ITO) film for a transparent
signal electrode 1s formed thereon. The BM {ilm 1s generally
formed from a metal chromium film having a thickness of
about 100 nm to about 150 nm. The color resin layers are
formed from a resin material colored by a dye or pigment,
and generally have a thickness of about 1 um to about 3 um.

The color filter 1s formed by a method for patterning the
photo-sensitive color resin layer formed on the substrate by
a photolithography technique. For example, by a series of
the steps of forming, exposing and developing a photo-
sensitive resin are conducted for each of the R, G and B
photo-sensitive color resin materials (i.e., by conducting the
series of the steps three times in total), the color filter of R,
G and B can be formed. A method for forming a photo-
sensitive color resin layer includes a method for applying a
liquid, photo-sensitive color resin material (diluted with a
solvent) on a substrate by a spin-coating method, and a
method for transferring a photo-sensitive color resin mate-
rial 1n the form of a dry film onto the substrate. By producing
the above-mentioned ASM-mode liquid crystal display
device by using such a color filter, a color liquid crystal
display device having wider viewing-angle characteristics
can be realized.

However, the above-mentioned ASM-mode liquid crystal
display device and method for producing the same have the
following problems: in the ASM-mode liquid crystal display
device, the steps of forming the polymer wall and pillar,
which are not required for the TN-type liquid crystal display
device, 1s required 1n addition to the step of forming a color
filter. Theretfore, the number of production steps 1s increased,
causing an increase 1n the cost as well as reduction 1n the
production yield. Moreover, since the production steps are
complicated, the polymer wall and pillar may not have a
uniform height due to the variation in the conditions of the
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production steps, thereby causing a divergence 1n the display
characteristics of the liquid crystal display device.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a liquid
crystal display device includes: a first substrate; a second
substrate; and a liquid crystal layer interposed between the
first and second substrates, wherein the liquid crystal layer
includes a plurality of liquid crystal regions separated by a
polymer wall formed on the first substrate, liquid crystal
molecules within each of the plurality of liquid crystal
regions are axially symmetrically aligned with respect to an
ax1s which 1s perpendicular to the first and second substrates,
and the polymer wall 1s formed from a black resin layer.

In one example, the first substrate includes a color resin
layer, the color resin layer including a first color resin layer
and a second color resin layer which 1s formed on the first
color resin layer, a protruding portion formed from a black
resin layer 1s formed on a surface of the color resin layer
which faces the liquid crystal layer, and a gap between the
first and second substrates 1s defined by the color resin layer
and the protruding portion.

In one example, the first substrate further includes a color
filter layer including a plurality of color filters provided in
respective pixel regions, and the color filter layer 1s formed
from the same material as that of the color resin layer.

In one example, a portion of the polymer wall 1s formed
on the color resin layer at a periphery of at least one of the
color filters provided in the respective pixel regions.

In one example, both ends of the polymer wall are formed
on respective peripheries of the corresponding color {filters
provided 1n the respective pixel regions.

In one example, the black resin layer 1s formed from a dry
film resist.

In one example, the color resin layer 1s formed from a dry
film resist.

According to another aspect of the present invention, a
method for producing a liquid crystal display device includ-
ing a first substrate, a second substrate, and a liquid crystal
layer mterposed between the first and second substrates,
wherein the liquid crystal layer includes a plurality of liquid
crystal regions separated by a polymer wall formed on the
first substrate, and liquid crystal molecules within each of
the plurality of liquid crystal regions are axially symmetri-
cally aligned with respect to an axis which 1s perpendicular
to the first and second substrates, includes the steps of:
forming a photo-sensitive black resin layer so as to substan-
tially entirely cover a surface of the first substrate; and
exposing and developing the photo-sensitive black resin
layer, thereby forming a black resin layer 1in a region other
than a pixel region, the polymer wall being formed from the
photo-sensitive black resin layer.

In one example, a method for producing a liquid crystal
display device further includes the steps of: forming a
photo-sensitive color resin layer of a first color on the first
substrate; exposing and developing the photo-sensitive color
resin layer of the first color, thereby forming a color filter of
the first color and a first color resin layer 1n a corresponding
pixel region; forming a photo-sensitive color resin layer of
a second color on the first substrate after the formation of the
first color resin layer; and exposing and developing the
photo-sensitive color resin layer of the second color, thereby
forming a color {filter of the second color and a second color
resin layer 1n a corresponding pixel region, wherein the step
of forming the black resin layer includes the step of forming
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a protruding portion formed from a black resin layer on the
second color resin layer, and 1n a step of laminating the first
and the second substrates with each other, the first and
second color resin layers and the protruding portion which
1s formed on the second color resin layer define a gap
between the first and second substrates.

In one example, the step of exposing and developing the
photo-sensitive black resin layer includes the step of form-
ing the black resin layer so as to partially overlap a periphery
of at least one of the color filters formed 1n the respective
pixel regions.

In one example, the step of exposing and developing the
photo-sensitive black resin layer includes the step of form-
ing both ends of the polymer wall on respective peripheries
of the color filters of the first and second colors provided 1n
the corresponding pixel regions.

In one example, a method for producing a liquid crystal
display device further includes the steps of: after the step of
forming the second color resin layer, forming an overcoat
layer for covering the pixel regions on the first substrate; and
forming a transparent electrode on the overcoat layer,

wherein the photo-sensitive black resin layer 1s formed
thereafter.

In one example, the photo-sensitive color resin layer of
the first color, the photo-sensitive color resin layer of the
second color and the photo-sensitive black resin layer are
formed by using a dry film method.

Heremnafter, functions of the present invention will be

described.

According to a liquid crystal display device according to
the present imvention, a liquid crystal layer interposed
between first and second substrates includes a plurality of
liquid crystal regions separated by a polymer wall, and
liquid crystal molecules are axially symmetrically aligned
with respect to an axis which 1s perpendicular to the sub-
strates. Since the polymer wall 1s formed from a black resin
layer for black mask, the black resin layer functions both as
a black mask and a polymer wall for separating the liquid
crystal regions. A portion of each liquid crystal region,
which 1s located above the polymer wall, has degraded
viewing-angle characteristics, since liquid crystal molecules
arc not axially symmetrically aligned theremn. However,
since the polymer wall 1s formed from the black resin layer
for black mask, such a portion of the liquid crystal region
can be masked by the polymer wall. Since the polymer wall
and black mask can be produced by the same production
step, the polymer wall need not be formed separately. Thus,
the number of production steps as well as the production cost
can be reduced, whereby a reduction 1n yield can be pre-
vented.

In the case where the first substrate further includes a
color resin layer including a first color resin layer and a
second color resin layer formed on the first color resin layer,
and the color resin layer has a protruding portion formed
from a black resin layer on the side of the liquid crystal layer,
the color resin layer and the protruding portion together
function as a spacer for defining a cell thickness. Therefore,
a spacer such as a pillar need not be formed separately. As
a result, the number of production steps as well as the
production cost can be reduced, whereby a reduction 1n yield
can be prevented.

In the case where the first substrate further has a color
filter layer including a plurality of color filters provided in
cach pixel region, and the color filter layer 1s formed from
the same material as that of a color resin layer, the color resin
layer can be used as a color filter 1n each pixel region.
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Therefore, the number of production steps as well as the
production cost can be reduced, whereby a reduction 1n yield
can be prevented.

In the case where a portion of the polymer wall 1s formed
on the color resin layer at a periphery of at least one of the
color filters provided 1n the respective pixel regions, or both
ends of the polymer wall are formed on the respective
peripheries of the corresponding color filters provided in the
respective pixel regions, only a portion of the black resin
layer which overlaps the color resin layer can be used as a
polymer wall for axially symmetrically aligning liquid crys-
tal molecules. As a result, a thickness of a spacer for defining
a cell thickness can be increased, so that a liquid crystal
material can be more easily introduced into the cell.
Moreover, a margin for the alignment accuracy of the color
resin layer and the black resmn layer can be increased,
whereby the production cost can be reduced.

In the case where each of the black resin layer and the
color resin layer 1s formed from a dry film resist, the
accuracy of the thickness of the color resin layer or the black
resin layer as well as the total thickness of the color resin
layer and the black resin layer which are stacked on top of
cach other, 1s improved. Accordingly, a high-display-quality
liquid crystal display device, which prevents non-uniformity
of a display resulting from a non-uniform thickness of the
cell thickness and/or an uneven height of the polymer wall,
can be provided.

According to a method for producing a liquid crystal
display device of the present invention, a photo-sensitive
black resin layer formed to substantially entirely cover a
surface of the first substrate 1s exposed and developed,
whereby the black resin layer 1s formed 1n a region other
than pixel regions. Thus, a polymer wall for axially sym-
metrically aligning the liquid crystal molecules 1s formed.
Accordingly, the polymer wall can be produced 1n the step
of forming a black mask which i1s generally required for the
step of forming a color filter substrate. Therefore, the
polymer wall need not be formed separately. As a result, a
method for producing a liquid crystal display device capable
of increasing a viewing angle, reducing the number of
production steps and the production cost, as well as pre-
venting a reduction 1n yield, can be provided.

A color filter of a first color as well as a first color resin
layer are formed 1n a corresponding pixel region on the first
substrate, and a color filter of a second color as well as a
second color resin layer are formed on the first color resin
layer. Moreover, a protruding portion 1s formed on the
second color resin layer, and the first and second color resin
layers together with the protruding portion define the gap
between the first and second substrates. Therefore, the first
and second color resin layers and the protruding portion,
which will later function as a spacer, can be formed 1n the
respective steps of forming a color filter and forming a black
mask, which are generally required for the step of forming
a color filter substrate. Therefore, the spacer need not be
formed separately. Accordingly, a liquid crystal display
device capable of increasing a viewing angle, reducing the
number of production steps and the production cost, as well
as preventing a reduction in yield, can be provided.

Thus, the invention described herein makes possible the
advantages of (1) providing a liquid crystal display device
having wider viewing-angle characteristics as well as excel-
lent display quality, and (2) providing a relatively simple
method for producing the same.

These and other advantages of the present invention will
become apparent to those skilled 1n the art upon reading and
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understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross sectional view of a hiquid
crystal display device according to Example 1 of the present
mvention;

FIG. 2 1s a schematic perspective view of a color filter
substrate of the liquid crystal display device according to
Example 1 of the present invention;

FIGS. 3A to 3D are schematic perspective views 1llus-
trating the steps of producing the color filter substrate of the
liquid crystal display device according to Example 1 of the
present 1nvention;

FIG. 4 1s a schematic cross sectional view of a color filter
substrate of a liquid crystal display device according to
Example 2 of the present invention;

FIGS. 5A and 5B are schematic cross sectional views each
showing a defective production state of the color filter
substrate of the liquid crystal display device according to
Example 1 of the present invention;

FIG. 6 1s a schematic cross sectional view of a color filter
substrate of a liquid crystal display device according to
Example 3 of the present invention;

FIG. 7 1s a schematic perspective view showing the color
filter substrate of the liquid crystal display device according
to Example 3 of the present invention;

FIGS. 8A to 8D are schematic perspective views 1llus-
trating the steps of producing the color filter substrate of the
liquid crystal display device according to Example 3 of the
present 1nvention;

FIG. 9 shows a series of schematic cross sectional views
illustrating a method for producing a conventional liquid
crystal display device; and

FIG. 10 1s a schematic cross sectional view showing a
conventional color filter substrate.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Heremafter, Examples of the present mmvention are spe-
cifically described with respect to the accompanying draw-
Ings.

EXAMPLE 1

FIG. 1 1s a schematic cross sectional view of a liquid
crystal display device 100 according to Example 1 of the
present invention. FIG. 2 1s a schematic perspective view of
a color filter substrate 20 (first substrate) of the liquid crystal
display device 100. The liquid crystal display device 100 has
a color filter substrate 20, a counter substrate (second
substrate) 40, and a liquid crystal layer S0 interposed
between the color filter substrate 20 and the counter sub-
strate 40.The color filter substrate 20 1ncludes, on a glass
substrate 2, stripe-shaped, transparent signal electrodes 4
(which extend in the direction perpendicular to the plane of
the figure), Red (R), Green (G) and Blue (B) color filters 6a,
6b and 6c, a polymer wall 10, a pillar 12¢, and color resin
layers 8a, 8b and 8c. The polymer wall 10 1s formed from
a black resin layer 124 having a light-shielding property and
functioning as a black matrix. The stacked color resin layers
8a, 86 and 8¢ and the pillar (protruding portion) 12¢ formed
thereon will later function as a spacer 48 for defining the
distance between the color filter substrate 20 and the counter
substrate 40. The pillar 12¢ has a light-shielding property
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and 1s formed from a black resin. A vertical alignment film
(not shown) is formed on the surface of the color filter
substrate 20 which faces the liquid crystal layer 50.

The counter substrate 40 includes a glass substrate 32,
stripe-shaped, transparent scanning electrodes 34 formed on
the glass substrate 32, and a vertical alignment film (not
shown) formed on the transparent scanning electrodes 34.
The liquid crystal layer 50 interposed between the color
filter substrate 20 and the counter substrate 40 1s divided mto
a plurality of liquid crystal regions 52 by the polymer wall
10. The liquid crystal molecules 54 within each liquid
crystal region 52 are axially symmetrically aligned with
respect to the axis which 1s perpendicular to a glass substrate

2.

Hereinafter, a method for producing the liquid crystal

display device 100 1s described with reference to FIGS. 3A
to 3D.

On the glass substrate 2 having the stripe-shaped trans-
parent electrodes 4, the color filter 6a and the color resin
layer 8a are formed by using a red dry film resist. The color
resin layer 8a will later function as a part of the spacer 48
for defining the distance between the substrates. A photo-
sensifive acrylic resin mixed with a red pigment powder 1s
used as the red dry film resist. After the red dry film resist
1s transferred onto the glass substrate 2 at a temperature of
about 110° C. to about 130° C., the resultant glass substrate
2 1s exposed to light by using a mask having a prescribed
pattern. Thereafter, the substrate 2 1s developed and post-
baked at about 220° C. for about 1 hour, whereby the color
filter 6a and the color resin layer 8a are formed (FIG. 3A).
The color resin layer 8a will later function as a part of the
spacer 48 for defining the distance between the substrates.
The color filter 6a (pixel) has a size of about 150 umx150
um, the color resin layer 8a (pillar) has a size of about 30
umx30 um, and the polymer wall 10 has a width of about 20
um (see FIG. 2).

Thereafter, by using a green dry film resist, the color filter
6b and the color resin layer 85 are formed. The color resin
layer 8b will later function as a part of the spacer 48 for
defining the distance between the substrates. The color resin
layer 8b 1s formed on the color resin layer 8a (FIG. 3B).
Moreover, by using a blue dry film resist, the color filter 6¢
and the color resin layer 8c are formed. The color resin layer
8c will later function as a part of the spacer 48 for defining
the distance between the substrates. The color resin layer 8c
is formed on the color resin layer 85 (FIG. 3C). Each of the
red, ereen and blue dry film resists has a thickness of about
1.2 um.

Then, a light-shielding, photo-sensitive black resin layer
(BM) is applied on the whole surface of the glass substrate
by a dry film resist method, and a portion of the black resin
layer which 1s formed on the red, green and blue color filters
6a, 6b and 6c¢ are removed by using a photolithography
technique (FIG. 3D). Each of the black resin layers 12a and
12b6 has a thickness of about 3.6 um. The black resin layer
12¢ formed on the color resin layer 8a, 85 and 8c forms a
pillar. The black resin layer 124 functions both as a black
mask and as the polymer wall 10 for separating the liquid
crystal regions. Moreover, the black resin layers 125 and 12¢
together with the stacked color resin layers 8a, 8b and 8c
function as a black mask. The stacked color resin layers 84,
8b and 8c as well as the pillar 12¢ formed thereon will later
function as the spacer 48 for defining the gap between the
substrates. The number of such color resin layers and pillars
may be appropriately set in view of pressure resistance of the
liquid crystal display device 100, injection speed of the
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liquid crystal material, and the like. Moreover, the size of the
pillar 12¢ may appropriately be changed.

By forming the color filters 6a, 6b and 6c¢, the color resin
layers 8a, 8b and 8¢, and the black resin layers 124, 1256 and
12¢ by a dry film resist method, the variation 1n the thickness
(i.e., the reduction in a thickness) can be substantially
reduced to zero. Therefore, a cell thickness 1s about 6 um
(about 3.6 yum+ about 3.6 ym—about 1.2 ym), and a substan-
tial height of the polymer wall 10 for axially symmetrically
aligning the liquid crystal molecules is about 2.4 um (about
3.6 um—about 1.2 um), whereby a uniform structure can be
formed on the whole surface of the color filter substrate 20.
By conducting the above-mentioned steps, the color filter

can be formed simultaneously with the polymer wall 10 and
the pillar 12c.

Then, the surface of the color filter substrate 20 on which
the polymer wall 10 and the pillar 12¢ are formed 1s coated
with a vertical-alignment layer (e.g., “JALS-204” by JSR).
Moreover, the surface of the glass substrate 32 on which the
scanning eclectrodes 34 are formed 1s coated with the
vertical-alignment layer. Then, the counter substrate 40 and
the color filter substrate 20 are laminated to each other,
thereby producing a liquid crystal cell.

A mixture including an n-type liquid crystal material
(Ae=-4.0, An=0.08, and a chiral angle of about 90° for about
5 um) and 0.3% by weight of a compound A given by the
following formula as a photo-curable resin, and about 0.1%
by weight of Irgacure 651 1s imjected 1nto the liquid crystal
cell.

E F F F

CH,=CHCOO(CH,)gO O O O(CH,)sOOCCH=CH,

By applying a voltage (e.g., about 5 V) between the
transparent electrodes 4 and 34, the liquid crystal molecules
54 which have been aligned perpendicularly to the vertical
alignment film (not shown) are oriented parallel to the
substrates (i.e., perpendicular to the electric field), whereby
the axial symmetric alignment (with respect to the axis
shown by a broken line in FIG. 1) is obtained. Moreover, by
irradiating the liquid crystal layer 50 with, for example,
ultraviolet light (6 mW/cm?; 365 nm) for about 10 minutes
while simultaneously applying a voltage which 1s higher
than a threshold voltage by about 0.5 V (i.e., a voltage of
about 2.5 V), the photo-curable resin in the mixture is cured,
whereby an alignment regulating element (i.e., pre-tilt) for
regulating the axial symmetric alignment 1s formed. Thus,
the axial alignment of the liquid crystal molecules 54 can be
rapidly reproduced.

In the liguid crystal display device 100 thus produced,
defective orientation of the liquid crystal molecules and
non-uniformity of the gap between the substrates were not
observed. Thus, a liquid crystal display device having a wide
viewling angle can be obtained.

According to the present example, each of the red, green,
blue and black resin layers 1s formed by a dry film resist
method. However, other methods which are commonly used,
such as spin coating method or roll coating method, may
alternatively be used as long as the reduction in a thickness
of the layers can be sufficiently suppressed.

The dry film resist method has advantages that the thick-
ness of the resin layer 1s uniform even when a liquid crystal
display device having a large area 1s formed, and that the
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variation 1n the thickness of the resin layers (i.e., the
reduction in a thickness) can be substantially reduced to a
negligible amount. In particular, after the formation of the
polymer wall on the glass substrate, 1t 1s further difficult, due
to the unevenness of the glass substrate, to again apply a
polymeric resin material with a desired thickness on the top
of the polymer wall formed on the glass substrate. The total
thickness of the polymer wall and pillar corresponds to a cell
thickness of the liquid crystal cell. When the variation in the
cell thickness 1s increased, a defective display may be
caused. Moreover, 1n the case where the aperture ratio of the
polymer wall 1s increased 1n order to improve the brightness
of the display, the lateral width of the polymer wall is
correspondingly reduced, making it significantly difficult to
form the pillar with a required thickness on the top of the
polymer wall. The dry film resist method does not have such
problems, allowing for production of a high-quality display
device with excellent reproducibility.

Moreover, 1n the liquid crystal display device 100 of the
present example, since the color filter 1s formed between the
clectrodes 4 and the liquid crystal layer 50, a voltage applied
to the liquid crystal layer § 1s affected by the dielectric
constant and thickness of the color filter. In view of this, the
dry film resist method 1s preferable in order to optimize the
thickness of the color filter. This 1s because, 1n the dry film
resist, a film thickness can be more desirably controlled
compared to other film-applying methods.

In the present example, the present invention 1s described
in terms of a simple-matrix type liquid crystal display
device. However, the present invention 1s not limited to the
simple-matrix liquid crystal display device, and may be
applied to an active-matrix type liquid crystal display
device. Moreover, the transmission-type liquid crystal dis-
play device 100 i1s described in the present example.
However, 1t should be understood that the present invention
may be applied to a reflection-type liquid crystal display
device.

EXAMPLE 2

FIG. 4 shows a liquid crystal display device 200 accord-
ing to Example 2 of the present invention. The liquid crystal
display device 200 1s different from the liquid crystal display
device 100 1n that the liquid crystal display device 200 has
an overcoat layer 72 on a color filter and that transparent
clectrodes 74 are formed on the overcoat layer 72. Elements
having the same function as that of the elements of the liquid
crystal display device 100 are denoted by the same reference
numerals and characters, and detailed description thereof 1s
omitted.

Preferably, the overcoat layer 72 has a thickness of about
200 nm to about 500 nm. The overcoat layer 72 having a
thickness of less than about 200 nm does not effectively
smooth the edge of the polymer wall, causing disconnection
of the transparent electrodes. On the other hand, the overcoat
layer 72 having a thickness of more than about 500 nm
hinders the alignment control by the polymer wall, and also
causes a reduction 1n transmittance. The transparent elec-
trodes 74 having a stripe shape are formed by forming a thin
f1lm such as ITO on the overcoat layer 72 and etching the
thin film into a stripe shape.

According to Example 2, since the transparent electrodes
74 arc formed closer to the liquid crystal layer 50 than the
color filter 1s, a voltage applied to the liquid crystal layer 50
1s not affected by the capacitance of the color filter.
Therefore, a wider range of materials and structures can be
used 1n/for the color filer.
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EXAMPLE 3

In Example 3, a liquid crystal display device capable of
increasing a process margin for producing a color filter
substrate, as well as a production method thereof will be
described.

In the liquid crystal display device of Example 1 or 2, the
process margin 1s relatively small. For example, in the steps
of forming the color filters 6a, 6b and 6c and/or the color
resin layers 8a, 8b and 8c of a color filter substrate 20" of
FIG. 5A, when the color filter(s) and/or the layer(s) are
formed to be shifted from their prescribed position(s) in any
of the steps, light leakage may occur at one side of a
corresponding pixel (indicated by reference numeral 22 of
FIG. 5A). Moreover, the height of a polymer wall 125
located at the periphery of corresponding pixels 1s different
from the height of another polymer wall 12b which 1s in
contact with the same liquid crystal layer 50, whereby the
cifect of regulating the axially symmetric alignment of the
liquid crystal molecules 1s hindered, which may result in a
reduction in display quality. FIG. 5A shows the case where
the color filter 6a and the color resin layer 8a are formed to
be shifted from their respective prescribed positions. In this
case, a gap 22 1s formed on one side of the color filter 64,
causing the light leakage. Moreover, since the color resin
layers 8b and 8¢ are not accurately formed on the color resin
layer 8a, color resin layers 85" and 8¢’ are formed, whereby
a black resin layer 12¢' formed thereon does not have a
prescribed shape.

Moreover, 1n FIG. 5B, 1n the case where the black resin
layers 12a, 12b and 12¢ are formed to be shifted from their
respective prescribed positions, a gap 22 1s formed 1n every
pixel, causing light leakage. Since each of polymer walls
124" and 12b' has different heights on both sides, liquid
crystal molecules are defectively oriented in every pixel,
which may result in a significant reduction 1n a display
quality and/or degradation 1n viewing-angle characteristics.

Although the color filters 6a, 6b and 6c, as well as the
color resin layers 8a, 86 and 8¢, have a dot-shape m the
above examples, the color filters and color resin layers have
a stripe-shape 1n the present example. Moreover, as shown
in FIGS. 6,7 and 8A to 8D, black resin layers 1124 and 1125
cach functioning as a black mask are formed so as to overlap
the peripheries of respective color filters 1064, 106b and
106¢. FIG. 6 is a schematic cross sectional view of a color
filter substrate 120, and FIG. 7 1s a schematic perspective
view of FIG. 6. In the present example, each of the black
resin layers 112a and 112b overlaps the peripheries of the
corresponding color filters 1064, 1065 and 106¢ by about 5
um. The black resin layers 1124 and 1125 as well as the color
filters 1064, 1065 and 106c¢ can be basically formed by the
same process as that of the above examples. Moreover, as in
the case of Example 2, transparent electrodes may be formed
on an overcoat layer.

Heremafter, a method for producing the liquid crystal
display device 100 1s described briefly with reference to

FIGS. 8A to 8D.

On the glass substrate 102 having stripe-shaped transpar-
ent electrodes 104, the stripe-shaped color filter 1064 and the
color resin layer 108a are formed by using a red dry film
resist. The color resin layer 108a will later function as a part

of the spacer 48 for defining the distance between the
substrates (FIG. 8A).

Then, the stripe-shaped color filter 106b and the color
resin layer 1085 are similarly formed by using a green dry
f1lm resist. The color resin layer 1085 will later function as
a part of the spacer 48 for defining the distance between the
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substrates. The color resin layer 1085 1s formed on the color
resin layer 108a (FIG. 8B). Moreover, the stripe-shaped
color filter 106¢ and the color resin layer 108¢ are similarly
formed by using a blue dry film resist. The color resin layer
108¢ will later function as a part of the spacer 48 for defining

the distance between the substrates. The color resin layer
108¢ 1s formed on the color resin layer 1085 (FIG. 8C).

Thereafter, a light-shielding, photo-sensitive black resin
layer (BM) is applied on the whole surface of the glass
substrate by a dry film resist method. A portion of the black
resin layer which 1s formed on the red, green and blue color
filters 106a, 1065 and 106¢ are removed by using a photo-
lithography technique such that each of the black resin
layers 112a and 1126 ecach functioning as a black mask
partially overlaps the periphery of at least one of the color

filters 106a, 1065 and 106¢ (FIG. 8D).

In the present example, each of the color filters 1064,
10656 and 106¢ has a width of about 330 um. Moreover, each
of (1) an end of a polymer wall 110 formed from the black
resin layer and having a width of about 40 um, and (i1) an
end of a polymer wall 110' formed from the black resin layer
and having a width of about 25 um overlaps the periphery of
the color filter 1064 by about 5 um. Each pixel has a size of
about 320 umx about 320 um, and the color resin layer 1084
(pillar) has a size of about 20 yumx about 30 um (see FIGS.

6 and 7).

Thus, by forming the color filters 1064, 1065 and 106¢
with a stripe-shape, a margin for the accuracy of aligning the
black resin layers 1124, 1125 and 112¢ 1n the direction in
which the stripe-shaped color filters 1064, 1065 and 106c¢
extend can be significantly increased, achieving improve-
ment 1n the yield as well as reduction 1n the production cost.

Moreover, each of the black resin layers 1124 and 11256
functioning as a black mask i1s formed so as to overlap the
peripheries of the corresponding color filters 1064, 1065 and
106c, whereby a margin for the accuracy of aligning the
black resin layers 1124, 112b and 112¢ in the direction
perpendicular to the direction mm which the stripe-shaped
color filters 1064, 10656 and 106¢ extend can be obtained
corresponding to the overlapping width of the black resin
layers and the color filters. In the example shown 1n FIG. 6,
a margin of about 5 um can be obtained. For example, both
ends 112a4-1 and 1124-2 of the black resin layer 112a

preferably overlap the respective peripheries of the color
filters 1065 and 106 ¢, as shown 1n FIG. 6.

Moreover, by forming each of the black resin layers 1124
and 1125 so as to overlap the peripheries of the correspond-
ing color filters 1064, 1065 and 106C, a substantial height of
cach polymer wall which 1s 1n contact with the respective
liquid crystal region can be increased. Since each of the
black resin layers 1124 and 1125 has a lower height at a
portion other than the portion overlapping the respective
color filters 1064, 1065 and 106c¢, liquid crystal molecules of
an 1ntroduced liquid crystal material can sufficiently travel
within the respective liquid crystal regions. Therefore, suf-
ficient alignment regulation of the liquid crystal molecules
can be assured without sacrificing the speed of mtroducing
the liquid crystal material.

In the above examples, a liquid crystal display device
having a color filter of three colors (i.e., R, G and B) is
described. However, a color display can be provided as long
as the liquid crystal display device has a color filter of at
least two colors. Therefore, the present invention is not
limited to the above examples. Moreover, a single structure,
which includes (i) the polymer wall formed from the black
resin layer and (i1) the spacer including the stacked color
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resin layers and the pillar, 1s provided for each set of R, G
and B. However, the present invention 1s not limited to such
a structure.

As described above, according to the present invention, a
polymer wall for dividing a liquid crystal layer mto a
plurality of liquid crystal regions 1s formed from a black
resin layer, whereby the polymer wall need not be formed
separately. Therefore, a liquid crystal display device capable
of reducing the number of production steps and hence the
production cost, as well as preventing a reduction 1n yield,
can be provided. A portion of each liquid crystal region,
which 1s located above the polymer wall, has degraded
viewing-angle characteristics, since liquid crystal molecules
are not axially symmetrically aligned therein. However,
since the polymer wall 1s formed from the black resin layer
for black mask, such a portion of the liquid crystal region
can be masked by the polymer wall.

In the case where a color resin layer 1s formed on the
substrate, and a protruding portion formed from a black resin
layer 1s further formed on the surface of the color resin layer
which faces a liquid crystal layer, the color resin layer and
the protruding portion together function as a spacer for
defining a cell thickness. Therefore, a spacer such as a pillar
need not be formed separately. Thus, the number of produc-
tion steps as well as the production cost can be reduced,
whereby a reduction 1 yield can be prevented.

In the case where a color filter layer 1s formed from the
same material as that of the color resin layer, the color resin
layer can be used as a color filter 1n each pixel region.
Therefore, the number of production steps as well as the
production cost can be reduced, whereby a reduction 1n yield
can be prevented.

In the case where a portion of the polymer wall 1s formed
on the color resin layer at a periphery of at least one of the
color filters provided 1n the respective pixel regions, or both
ends of the polymer wall are formed on the respective
peripheries of the corresponding color filters provided 1n the
respective pixel regions, only a portion of the black resin
layer which overlaps the color resin layer can be used as a
polymer wall for axially symmetrically aligning liquid crys-
tal molecules. As a result, the thickness of a spacer for
defining a cell thickness can be increased, so that liquid
crystal material can be more easily introduced into the cell.
Moreover, a margin for the alignment accuracy of the color
resin layer and the black resin layer can be increased,
whereby the production cost can be reduced.

In the case where each of the black resin layer and the
color resin layer 1s formed from a dry film resist, the
accuracy of the thickness of the color resin layer or the black
resin layer as well as the total thickness of the color resin
layer and the black resin layer which are stacked each other,
1s improved. Accordingly, a high-display-quality liquid crys-
tal display device, which prevents non-uniformity of a
display resulting from a non-uniform thickness of the cell
thickness and/or an uneven height of the polymer wall, can
be provided.

According to the present invention, the polymer wall can
be produced 1n the step of forming a black mask which 1s
oenerally required for the step of forming a color filter
substrate. Therefore, the polymer wall need not be formed
separately. As a result, a liquid crystal display device capable
of increasing a viewing angle, reducing the number of
production steps and the production cost, as well as pre-
venting the reduction in yield, can be provided.

Various other modifications will be apparent to and can be
readily made by those skilled in the art without departing
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from the scope and spirit of this mnvention. Accordingly, it 1s
not intended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.

What 1s claimed 1is:

1. A liquid crystal display device, comprising:

a first substrate;

a second substrate; and

a liquid crystal layer interposed between the first and
second substrates, wherein:

the liquid crystal layer includes a plurality of liquid
crystal regions separated by at least one polymer wall
supported by the first substrate,

liquid crystal molecules within each of the plurality of
liquid crystal regions are axially symmetrically aligned
with respect to an axis which 1s perpendicular to the
first and second substrates,

the first substrate includes a color resin portion including,
a first color resin layer and a second color resin layer
having a color different than the first color resin layer,
said second color resin layer being formed at least
partially on said first color resin layer,

the first substrate further including a black resin protrud-
ing portion formed on the second color resin layer so
that the second color resin layer 1s disposed between
said first color resin layer and said black resin protrud-
Ing portion,

a thickness of a portion of said liquid crystal layer is
defined by the black resin protruding portion and the
color resin portion,

the first substrate further including a color filter layer
including a plurality of color filters provided 1n respec-
tive pixel regions, the color filter layer including the
same material as that of the color resin portion, and

the polymer wall 1s formed from black resin.

2. A liquid crystal display device according to claim 1,
wherein a portion of the polymer wall 1s formed on the color
resin portion at a periphery of at least one of the color filters
provided 1n the respective pixel regions.

3. A liquad crystal display device according to claim 1,
wherein both ends of the polymer wall are formed on
respective peripheries of the corresponding color filters
provided 1n the respective pixel regions.

4. A liquid crystal display device according to claim 1,
wherein a black resin layer 1s formed from a dry film resist.

5. A liquid crystal display device according to claim 1,
wherein the color resin 1s portion formed from a dry film
resist.

6. A method for producing a liquid crystal display device
including a first substrate, a second substrate, and a liquid
crystal layer interposed between the first and second
substrates, wherein the liquid crystal layer includes a plu-
rality of liquid crystal regions separated by at least one
polymer wall formed on the first substrate, and liquid crystal
molecules within each of the plurality of liquid crystal
regions are axially symmetrically aligned with respect to an
ax1s which 1s perpendicular to the first and second substrates,
the method comprising:

forming a photo-sensitive color resin layer of a first color
on the first substrate;

exposing and developing the photo-sensitive color resin
layer of the first color, thereby forming a color filter of
the first color 1n a first corresponding pixel region and
a first color resin layer;

forming a second photo-sensitive color resin layer of a
second color different from the first color on the first
substrate, after formation of the first color resin layer;
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exposing and developing the photo-sensitive color resin
layer of the second color, thereby forming a color filter
of the second color 1n a second corresponding pixel
region and a second color resin layer at least partially
over the first color resin layer;

after forming said first and second color resin layers,
forming a photo-sensitive black resin layer so as to
substantially entirely cover a surface of the first sub-
strate;

exposing and developing the photo-sensitive black resin
layer, thereby forming a black resin layer 1n a region
other than a pixel region, the polymer wall being
formed from the photo-sensitive black resin layer;

the step of forming the black resin layer includes the step
of forming a protruding portion formed from the black
resin layer on the second color resin layer, and

in a step of laminating the first and second substrates with
cach other, the first and second color resin layers and
the protruding portion which i1s formed on the second
color

resin layer define a gap between the first and second
substrates.

7. A method for producing a liquid crystal display device

according to claim 6, wherein the step of exposing and

developing the photo-sensitive black resin layer includes the
step of forming the black resin layer so as to partially
overlap a periphery of at least one of the color filters formed
in the respective pixel regions.

8. A method for producing a liquid crystal display device
according to claim 6, where 1n the step of exposing and
developing the photo-sensitive black resin layer includes the
step of forming both ends of the polymer wall on respective
peripheries of the color filters of the first and second colors
provided 1n the corresponding pixel regions.

9. A method for producing a liquid crystal display device
according to claim 8, further comprising the steps of: after
the step of forming the second color resin layer, forming an
overcoat layer for covering the pixel regions on the first
substrate; and forming a transparent electrode on the over-
coat layer, wherein the photo-sensitive black resin layer is
formed thereafter.

10. A method for producing a liquid crystal display device
according to claim 8, wherein the photo-sensitive color resin
layer of the first color, the photo-sensitive color resin layer
of the second color and the photo-sensitive black resin layer
are formed by using a dry film method.

11. A liquid crystal display device, comprising:

a first substrate;

a second substrate;

a liquid crystal layer interposed between the first and
second substrates, wherein the liquid crystal layer
includes a plurality of liquid crystal regions, and liquid
crystal molecules within each of the plurality of liquid
crystal regions are axially symmetrically aligned with
respect to an axis which 1s perpendicular to the first and
second substrates,

at least one spacer for maintaining a space between said
first and second substrates, said spacer comprising a
black resin layer and first and second colored layers
having respective colors different from one another,
wherein said second colored layer 1s provided over said
first colored layer.
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